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Honey is a natural biological product with a various medicinal activities. This study
aimed to investigate the immunoadjuvant activity of orange honey (OH) to enhance
the immune response against Gram negative and Gram positive bacteria. Two
clinical isolates of Pseudomonas aeruginosa and Staphylococcus aureus were used
as test bacterial antigens. Albino Swiss male rats were treated with OH, another
group of animals were not treated with OH as control. Animals then immunized
with somatic antigens for both isolates .Specific and nonspecific immune
parameters were estimated. Significant increase (p 0.05) in phagocytic index was
measured for groups of animals treated with OH and immunized with both isolates
compared with animals groups not treated with OH. The same results were
estimated for IL-12 and complement component C3.Significant increase in
concentration of IFN- was estimated in animals treated with OH and immunized
with somatic antigen of Staph. aureus. Antibody titer was highly increase in
animals treated with OH and immunized with somatic antigen of P. aeruginosa.
Also, C4 was significant increase in the later animal group. The results provide a
good support for the role of OH in the enhancement of specific and non specific
immune response against bacterial infections.

Introduction
Honey is the natural sweet substance,
produced by honeybees from the nectar of
plants or from secretions of living parts of
plants, or excretions of plant-sucking
insects on the living parts of plants, which
the bees collect, transform by combining
with specific substances of their own,
deposit, dehydrate, store and leave in
honeycombs to ripen and mature(Codex
Alimentarius,2001).
Honey
is
a
supersaturated solution, mainly fructose
(38%),glucose (31%), sucrose (1%), water

(18%), other sugars (7%) plus amino
acids, organic acids, enzymes, antioxidants, vitamins as well as minerals
(Salih et al., 2009). Natural products are
known to have biological activity, and
many previous investigations for the effect
of natural products on immune function
have been carried out (Takeuchi et al.,
1993; Nakajima et al., 2002). Honey is
rich with glucose and fructose, various
vitamins, minerals and amino acids (Qiu et
al., 1999; Vassya et al., 2005). The
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medicinal usage of honey had been
mentioned and it being prescribed by the
physicians of many ancient races of people
for a wide variety of ailments (Ransome,
1937). Haffejee and Moosa (1985)
reported a clinical trial in which honey
was used in place of glucose in a
rehydration fluid (solution of electrolytes)
given to infants and children admitted into
hospital with gastroenteritis. The treatment
with honey gave a statistically significant
reduction in the duration of diarrhoea
caused by bacterial infection .Honey has
anti-inflammatory activity (Molan,1999).
Moreover honey has a great ability to
enhance the immune system by increasing
the activity of immune cells, antibody, and
cytokines production (Tonks et al., 2003;
Al-Waili and Haq, 2004; Tonks et al.,
2007). One of the most popular health
problems now days is emerge of multidrug resistant bacteria. Infections caused
by resistant microorganisms often fail to
respond to the standard treatment,
resulting in prolonged illness and greater
risk of death. The death rate for patients
with serious infections treated in hospitals
is about twice that in patients with
infections caused by non-resistant bacteria
(WHO, 2013). Many of multidrug resistant
bacteria have also many strategies for
immune escaping ( Rich et al., 2003 ) that
make them immune resistant in addition to
the another characteristic feature drug
resistant. This study aimed to study the
immunoadjuvent effect of orange honey
(OH) on the specific and nonspecific
immune response against clinical isolates
of
Pseudomonas
aeruginosa
and
Staphylococcus aureus .

department of Medical Microbiology/
College of Medicine/ Babylon University.
Both of them were clinically isolated from
patients with urinary tract infection. The
identification of bacteria was done
according
to
the
morphological,
biochemical and cultural characteristics
(Forbes et al., 2007).These two clinical
isolates were selected as they are
commonest multidrug resistant Gram
positive and Gram negative bacteria.
Bacterial antigens
Somatic antigens for both S.aureus and
P.aeruginosa were prepared according to
the methods described by Garvey et al.,
1981; Stanislavsky and Lam (1997).
Preparation of orange Honey
Orange honey (OH) was a gift from
Dr.M.T Kerim College of Agriculture
/Kufa University-Iraq. OH was dissolved
with distilled water to final concentration
10 mg/ml. This solution was sterilized by
0.22-mm filtration (Millipore, MA, USA)
and then stored at 4oC before use (Fukuda
et al., 2009). OH was used as a drinking
solution instead of water for animal groups
three months before immunization with
bacterial antigens. The OH treatment
continued during immunization with
bacterial antigens.
Animals
Albino Swiss male rats were caged for
acclimatization for one month in the
Animal House. Rat s weight was ranged
150-250g. The animals were kept on
normal pellet diet, standard room
temperature and normal diurnal rhythm.

Materials and Methods
Bacterial isolates

Study design
A cohort study design was used in this
study. Experimental rats were classified
in to the following groups. Each group

Clinical isolates of Staph.aureus and
P.aeruginosa were provided from
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consists of three animals: Group Aimmunized with somatic antigens of
Ps.aeruginosa with OH solution; Group
B-immunized with somatic antigens of
Ps.aeruginosa without OH solution;
Group C- immunized with somatic
antigens
of
S.aureus
with
OH
solution;Group D- immunized with
somatic antigens of S.aureus without OH
solution.

both P.aeruginosa and S.aureus was
estimated by using tube agglutination
method (Garvey et al.,1981).
e) Complement components
concentration (C3,C4)
The concentration of complement
components as a marker for both innate
immunity and liver function test was
estimated by using single radial
immunoassay according to the instructions
of manufacturer company (LTA, Italy).

Immunization Schedule
Experimental
rats were injected
intraperitonealy (IP) with somatic bacterial
antigens the dose and time intervals were
carried out according to (Caponi and
Migliorini 1999). After seven days from
the last dose of treatment, blood samples
were collected via heart puncture (Lewis
et al., 2001).Sera as well as anticoagulant
whole blood was used.

Statistical Analysis
Statistical analysis was carried out using
SPSS version 18. Continuous variables
were presented as means and standard
deviations. Independent sample t-test was
used to compare means between two
groups. A p-value of
0.05 was
considered as significant.

Measurement of immune parameters

Result and Discussion
a) Phagocytic index
Effect on the Phagocytic index

The phagocytic activity expressed by
phagocytic index was estimated according
to Furth et al., (1985).

The results of phagocytic index revealed
significant differences (p 0.05).The index
for group A was higher than group B. The
same results were noted between group C
and group D (Table 1).

b) IFN-Gamma
Interferon gamma (IFN- ) was ELIZA
estimated by using kit prepared by Koma
Biotech, Korea.

Effect on the production of Interferon
gamma (IFN- )

c) IL-12:

The results of the estimation of IFNrevealed significance increasing in the
group A treated with OH and Somatic
antigen of Staph,aureus in comparsion to
control group D treated with antigen only.
On the other hand, no significance
increasing (p 0.05)in the
IFNconcentration between group A treated
with OH and somatic antigen of

Interleukin -12(IL-12) was also ELIZA
estimated by using kit prepared by Koma
Biotech, Korea.
d) Antibody titer
Antisomatic bacterial antibody titer for
14
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P.aeruginosa and group B treated with
antigen only (Table 2).

available antibiotics especially in immunocompromized patients. P.aeruginosa and
Staph.aureus; which are used in this work
as indicators for the immunoadjuvant
activity of OH, are the commonest
multidrug resistant bacteria. These bacteria
are responsible for healthcare-associated
infections and prone to multidrug
resistance (ECDC, 2013). Chen et al.
(2008) explained that P.aeruginosa is
considered as the most common naturally
drug resistant bacteria. On the same
manner Staph. aureus was the leading
cause of hospital acquired and community
acquired infections(Gordon and Lowy,
2008). Thus the enhancements of host
immunity against drug resistant bacteria
provide the effective solving for this
problem and reduce the dependency on
antibiotics.

Effect on the production of Interleukin
12(IL-12)
Significance increasing (P 0.05) in the
concentration of IL-12 was noted between
group A and B as well as group C and
group D (Table.3).
Effect on Antibody titer
The results of antibody titer expressed in
figure (1a, 1b) revealed highest antibody
titre against somatic antigen of
P.aeruginosa in group A as compared to
the group B, but no difference in the titer
of anti staphylococci antibody in group C
and D.
Effect on the Complement
concentration

Immune parameters used in this work
represent both specific and specific
immunity. Phagocytic index is a method
to check the activity of neutrophile as an
innate defense mechanism against
microbial infections. The results of this
study revealed significant increasing in
phagocytic index when OH was used in
combination with somatic pseudomonal
and staphylococcal antigen as compared
with control. This results is agreed with
Fukuda et al. (2009) who indicated that
jungle honey induces neutrophil to
phagocytize the foreign materials. Also,
honey triggers a chain of molecular events
in the cell that stimulates the uptake of
glucose and amino acids, and promotes
cell growth (Tonks et al., 2001). The
honey glucose is important for activation
of phagocytes by inducing of respiratory
burst (Ryan and Majno 1977). Also, honey
provides substrates for glycolysis, the
major mechanism for energy production in

Complement component 3(C3)
The effect of OH on the production of C3
revealed a significant difference between
A and B as well as between C and D
(Table 4).
Complement component 4(C4):
Significant increasing in the concentration
of C4 in the sera of animals in group A in
comparison to that of group B. On the
other hand, no significant difference in the
concentration between group C and D
(Table 5).

Discussion
One of the most health problem worldwide
is the emergence of multidrug resistant
bacteria which are difficult to treat with
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Table.1 Phagocytic index for animal groups treated with orange honey
and immunized with bacterial antigens
Phagocytic
index(%)(Mean ±SD)

Animal groups
A(antigen of Ps.aeruginosa and orange honey)
B(antigen of Ps.aeruginosa only)

11 ± 1.73
5.66 ± 1.15

C(antigen of S.aureus and orange honey)

15 ± 3.6

D(antigen of S.aureus only)

8 ± 1.73

P value
0.011*

0.05*

*significant

Table.2 Concentration of interfreron gamma (IFN- ) for animal groups treated
with orange honey and immunized with bacterial antigens
Animal groups
A(antigen of P.aeruginosa and orange honey)
B(antigen of P.aeruginosa only)

Mean Concentration
of IFN- (pg/ml) ±SD
352 ± 7.76
326 ± 19

C(antigen of S.aureus and orange honey)

471 ± 13.52

D(antigen of S.aureus only)

302 ± 7.81

P value
0.088

0.001*

Table.3 Concentration of interleukin 12 (IL-12 for animal groups treated with
orange honey and immunized with bacterial antigens

Animal groups

Mean Concentration of
IL-12 (pg/ml) ± SD

A(antigen of Ps.aeruginosa and orange honey)

178 ± 9.64

B(antigen of Ps.aeruginosa only)

66 ± 11.35

C(antigen of S.aureus and orange honey)

232 ± 25.7

D(antigen of S.aureus only)

165 ± 11.53

16

P value

0.001*
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Table.4 Concentration of complement component 3(C3) for animal
groups treated with orange honey and immunized with bacterial antigens
Mean Concentration of
C3 (mg/dl)

Animal groups
A(antigen of P.aeruginosa

and orange honey)

198.3 ± 10.69

B(antigen of P.aeruginosa only)

144.6 ± 12,5

C(antigen of Staph.aureus and orange honey)

212.6 ± 7.5

D(antigen of Staph.aureus only)

153.3 ± 7.63

P value
0.005*

0.001*

Table.5 Concentration of complement component 4(C4) for
animal groups treated with orange honey and immunized with bacterial antigens
Mean of Concentration
of C4 (mg/dl)

Animal groups
A(antigen of P.aeruginosa

and orange honey)

P value

28.3 ± 4.04

B(antigen of P.aeruginosa only)

16.6 ± 2.3

C(antigen of Staph.aureus and orange honey)

22.3 ± 3.05

D(antigen of Staph.aureus only)

19.3 ± 3.12

Figure.1a Anti-Pseudomonal antibody titer for animal groups

A: immunized with somatic antigens of Ps.aeruginosa with OH solution
B: -immunized with somatic antigens of Ps.aeruginosa without OH solution
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Figure.1b Anti-Staphylococcal antibody titer for animal groups

C: immunized with somatic antigens of Staph.aureus with OH solution
D: immunized with somatic antigens of Staph.aureus without OH solution
the phagocytic cells. Additional to this
nutritional optimization of the body's
immune
system
,honey
enhances
immunity through a bioactive effect, and
activate phagocytes in blood, and has a
mitiogenic effect for phagocytic cells and
enhances the production reactive oxygen
species with bactericidal effect (Tonks et
al. (2001). The immunostimulation of
phagocytic cells against drug resistant
bacteria such as Ps,aeruginosa and Staph
aereus is the target by many researchers
,since these bacteria are characterized by
their ability to resist antibiotic and their
behavior to intracellular living(Thomas et
al., 2009,AlThamir et al., 2013).

that mediates the mechanism
of
eradication of
intracellular infections
including Staph aereus. Many previous
studies confirmed the ability of honey to
induce cytokines production (Tonks et
al.,2001; Tonks et al.,2003). Salih et al
(2009) confirmed the ability of honey to
enhance the production of IFN- .
Interleukin 12(IL-12) is a cytokine
secreted by dendritic cells ,B cells ,and T
cells and has the ability to enhance the
production of cytokines including IFNand TNF- ,and activates the natural killer
(NK) cells(Doan et al., 2013). The NK
cells play a direct cytotoxic role against
intracellular bacteria and malignant cells.
The results of this study revealed the
ability of OH to enhance significant
increase in the concentration of IL-12 in
group A and C compared to group B and
D respectively .Honey increases the
capacity of lymphocytes to secrete
cytokines by increase their proliferating
rate (Salih , 2008). The results of antibody
titer revealed a significant increasing in
the anti-pseudomonal antibody titer in
group A as compared to
group B.

Interferon gamma (IFN- ) is a cytokine
secreted by TH1 lymphocytes and has
many potential activities .It able to induce
bactericidal activity of macrophages and
stimulate the expression of MHC system,
and inhibits microbial proliferation(Delves
et al., 2011; Doan et al., 2013).The results
of the current study revealed a significant
increase in IFN- in group C compared to
group D which reflects the immuoadjuvant
activity for OH to induce TH1 response
18
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This
indicates the ability of OH to
enhance the activity of B cells to respond
and secrete antibodies required to act as
opsonin, blocking, and complement
fixation ending with the attack and
damaging of Ps.aeruginosa. Oral intake of
honey enhances antibody production
against T dependent and T independent
antigens (Al-Waili and Haq, 2004 .

From the results expressed above the OH
has the ability to enhance the specific
immune response type TH1 (IFN- , IL-12)
as well as TH2 response (antibody
production). Also, OH can increase nonspecific innate immunity (phagocytosis
and complement system).The results also
indicate the immunoadjuvant activity of
OH against Gram negative bacteria
represented by P.aeruginosa and to a
lesser extent Gram positive bacteria
represented by Staph.aureus.

Complement system plays a vital role
against bacterial infections and malignant
cells directly by formation of membrane
attack complex (MAC) or by their activity
of some complement components to act as
opsonin for phagocytic cells (Abbas et al.,
2012). The results of estimation of
complement system revealed a significant
increase in the concentration of C3 in
group A and C as compared to group B
and D respectively. This result illustrates
the great effect of OH to enhance the
immune
response
mediated
by
complement system. The component C3 is
the corner stone for all the pathways of
complement activation and it is necessary
for classical and alternative pathways.
Also, the results of C4, which is the
marker of classical pathway, revealed the
ability of OH to stimulate the significant
increasing in the production of C4 in
group A in comparison to group B. These
results indicates the major role of OH to
enhance the production of complement
system during the infection with
P.aeruginosa.

Acknowledgment
Author would like to thank Dr.M.T.Kerim,
college of agriculture of Kufa UniversityIraq for his gifting of orange honey, thanks
also for pharmacist I.O.Jebur college of
Pharmacy of Babylon University-Iraq for
his assistance in the preparation and
immunization of animal lab. My thanks to
Dr.Amweer Hussony for his assistance in
statistical analysis

References
Abbas,A.K., A.H. Lichtman and Pillai, S.
2012.Cellular
and
Molecular
Immunology.7th
ed.
Elsevier
Saunders.pp.73-74
Abdulrhman,M.A., M.F. Nassar, H.W.
Mostafa, Z.A. Zakaria Abdulhalim ElKhayat and Abu El Naga, M. W.
2011. Effect of Honey on 50%
Complement Hemolytic Activity in
Infants
with
Protein
Energy
Malnutrition:
A
Randomized
Controlled
Pilot
Study.
J.
Medi.Food.14 ( 5):
Al-Thamir, S.N., M.A.K. Al-Saadi and
Jebur, I.O. 2013. Investigation the
Immunoadjuvant
Activity for
Polysorbate
80.
Asian.
J.Pharm.Nurs.Medi. Sci.. 1(1):18-24.

The complement components produced
may be used for direct killing of
Ps.aeruginosa or by opsonization of this
pathogenic bacterium to be engulfed and
destroyed by phagocytic cells. Honey has
ability to enhance the haemolytic activity
of complement system(Abdulrhman et al.,
2011).

19

Int.J.Curr.Microbiol.App.Sci (2013) 2(7): 12-21

Al-Waili, N.S., and Haq, A. 2004. Effect
of honey on antibody production
against thymus-dependent and thymusindependent antigens in primary and
secondary immune responses. J. Med.
Food.7:491-494
Caponi, L., and
Migliorini,P .1999..
Antibody using in the lab. Springer.
New York.
Chen, H., L. Lan, Z. Li, L.M. Hicks, A.R.
Dinner and He,C. 2008. The
Pseudomonas aeruginosa multidrug
efflux regulator MexR uses an
oxidation sensing mechanism. The
National Academy of Sciences of the
USA 105: (36):13586 13591.
Codex Alimentarius., 2001. Draft revised
standard for honey. Alinorm 01/25 1926. Official Journal of the European
Communities L10, 47-52.
Delves,P.J., S.J. Martin, D.R. Burton and
Roitt, I.M.2011. Roitts Essential
Immunology.12th
ed.WileyBlackwell.pp.229-231
Doan, T., R. Melvold, S. Viselli and
Waltenbaugh, C. 2013. Lippincotts
Illustrated
ReviewsImmunology.
Wolters Klumer.Lippincott ,Williams
and Wilikins. London.pp.69-70
European Center for Disease Prevention
and Control (ECDC).2013. Multidrugresistant, extensively drug-resistant
and pan drug-resistant bacteria: An
international expert proposal for
interim standard definitions for
acquired resistance.
Forbes, B. A., D.F. Sahm and Weissfeld,
A. S. 2007. Bailey and Scott s
diagnostic microbiology. 12th ed.
Elsevier.
Fukuda, M., K. Kobayashi, Y. Hivono, M.
Miyagawa, T. Ishida, E.C. Ejiogu, M.
Sawai, K.E. Pinkerton and Takeuchi M
.2009. Jungle honey enhances immune
function and anti-tumor activity.
CAM,doi:10.1093/eCam/nen086

Furth, R. V., L. Theda and Liejilt, P. C.
1985. In vitro determination of
phagocytosis an intracellular killing by
polymer photonuclear phagocytosis.
Handbook
of
experimental
immunology. Vol/(2). Black Well
scientific publication, Oxford, pp:125.
Garvey, J. S., N.E. Cremer, and Sussdorf.
D.H. 1981. Method in immunology, A
Laboratory Text for Instruction and
Research. 3 th ed. The Bengamin /
Cummings
Publishing
Company.150:373-383.
Gordon, R. J., and F. D. Lowy. 2008.
Pathogenesis of Methicillin-Resistant
Staphylococcus aureus Infection. Clin
Infect Dis. 1: 46(5): S350 S359.
Haffejee, I.E., and Moosa, A .1985. Honey
in the treatment of infantile
gastroenteritis. Br. Med. J. 290: 18661867.
Lewis, S.M., B.J. Bain and Bates.I. 2001.
Dacie
and
Lewis.
Practical
th
Haematology. 10
ed Churchill
Living Stone, London.
Molan, PC., 1999. The role of honey in the
management of wounds. J. Wound.
Care. 8 (8): 423-6.
Nakajima, A., T. Ishida, M. Koga, T.
Takeuchi, O. Mazda and Takeuchi,M.
2002.Effect of hot water extract from
Agaricus blazei Murill on antibodyproducing cells in mice. Int
Immunopharmacol 2:1205 11.
Qiu, PY., H.B. Ding, Y.K.Tang and Xu,
R.J.1999. Determination of chemical
composition of commercial honey by
near-infrared spectroscopy. J. Agric.
Food. Chem. 47:2760 5.
Ransome H.M., 1937. The Sacred Bee in
Ancient Times and Folklore. London,
George Allen and Unwin.
Rich, R., T. Fleisher, W. Shearer, B.
Kotzin and Schroeder, H. 2003.
Clinical immunology principles and
practice. Volume one. Mosby. London.
20

Int.J.Curr.Microbiol.App.Sci (2013) 2(7): 12-21

Ryan, G.B., and Majno, G.1977.
Inflammation. Upjohn, Kalamazoo,
Michigan.
Salih, K. M. 2008. Effect of honey on the
human lymphocytes culture and
induced chronic inflammation in mice.
Al-Mustansiriyah J. Sci, 19: 1-10
Salih, K.M., A.Y .Al-Sa ady and Agha,
S.I.2009. Anti-Tumor And Immunomodulating
effect of Honey in
Normal And Tumor-bearing Mice.
Kufa Med.J. 12(2).
Stanislavsky, E. S., and J. S. Lam. 1997.
Pseudomonas aeruginosa antigens as
potential
vaccines.
FEMS
Microbiol.Rev. 21 : 243-277.
Takeuchi, M., M. Kimoto, I. Suzuki and
Nomoto K. 1993. Effect of BCG
sensitization on the generation of
tumor specific killer T cells. Jpn. J
Cancer.10:1980 6.
Thomas, L. D., W. A. Cripps and Kyd,
J.M.
2009.
Immune
response
mechanisms against Pseudomonas
aeruginosa associated with mucosal
immunization with protein antigens in
a rat model of acute lung infection.
Vaccine: 27: 324-330.

Tonks, A., R.A. Cooper, A.J. Price, P.C.
Molan
and Jones, K.P.2001.
Stimulation of TNF-a release in
monocytes by honey. Cytokine
14:240 2.
Tonks, A.J., R.A. Cooper, K.P. Jones, S.
Blair
and Parton, J.2003. Honey
stimulates inflammatory cytokine
production
from
monocyto.Cytokine;21:242 7
Tonks, A.J., E. Dudley, N.G. Porter, J.
Parton, J. Brazier and Smith, E.L.A
.2007.5.8-kDa component of manuka
honey stimulates immune cell via
TLR4. J Leukoc Biol. 82:1 10.
Vassya, B., 2005.Recent trends and
important developments in propolis
research. Evid. Complement. Altern.
Med.2:29 32.
WHO.,2013. Antimicrobial resistance.
Fact sheet N°194.Media center.
updated May 2013.

21

